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Abstract 

Low-temperature muon spin-lattice relaxation measurements in the non-Fermi- 
liquid heavy-fermion alloys UCu5_ x Pd x , x = 1.0 and 1.5, indicate inhomogeneously 
distributed /-electron spin fluctuation rates, and exhibit a time-field scaling of 
the muon relaxation function indicative of long-lived spin correlations. In UCu4Pd 
the scaling exponent 7 is small and temperature independent. In UCua.sPdi.s 7 
varies with temperature, increasing with decreasing temperature similar to spin- 
glass AgMn. This suggests that the spin-glass state found for x > 2 in UCus-^Pd^ 
modifies the low-frequency spin dynamics in UCu3.5Pd1.5- 
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In a number of /-electron heavy-fermion compounds and alloys deviations of 
low-temperature thermal and transport properties from predictions of Landau 
Fermi-liquid theory signal significant modification of the low-lying excitations 
of these systems [1]. There is strong evidence, primarily from nuclear magnetic 
resonance [2] and muon spin rotation [3] experiments, that disorder can play 
an important role in this non-Fermi liquid (NFL) behavior. 

This paper reports muon spin-lattice relaxation measurements in the NFL 
alloys UCu 5 _, E Pd. r , x = 1.0 and 1.5 (see also Ref. [4]). A characteristic time- 
field scaling of the muon asymmetry relaxation function G(t, H) = Git/H 1 ) is 
observed, which shows that these systems exhibit long-lived spin correlations 
reminiscent of quantum critical dynamics [5] or of disordered materials such 
as spin glasses [6,7]. 

In a system with a spatially inhomogeneous distribution of local muon relax- 
ation rates W(r,H), the sample-average muon asymmetry relaxation func- 
tion G(t, H) is given by 

G(t,H) oc J dr exp[-W(r,H)t] , (1) 

which yields a nonexponential time dependence. In turn, W(r, H) is related to 
the imaginary component x"( r > ^n) °f the local dynamic spin susceptibility: 

^(r^ocx"^)/^, (2) 

= The noise power of the thermal spin fluctuations at the muon Zee- 
man frequency uj^ gives rise to the magnetic field dependence of G(t, H), and 
a strong field dependence indicates slow spin fluctuations with a correlation 
function characterized by a long-time "tail" [4,6]. 

/iSR asymmetry data for UCu3. 5 Pdi. 5 and UCu 4 Pd are given in Figs. 1 and 
2, respectively, for temperatures of 0.05 K and 0.5 K. The data are plotted as 
functions of the scaling variable t/if 7 , where 7 was varied to obtain the best 
scaling, i.e., the most nearly universal behavior. The observation of time-field 
scaling indicates that the local spin dynamics are characterized by a dynamic 
susceptibility which obeys a power law 

x"(r,u)/u,Ku;^ (3) 

at low frequencies. It is important to note that no particular form for G(t) is 
assumed in this analysis. There is some indication that for T = 0.05 K scaling 
begins to break down at fields > 1000 Oe {hbH > ksT); it is not surprising 
that fields of this magnitude would begin to affect spin dynamics. No loss of 
scaling is observed at 0.5 K for fields as large as 2500 Oe. 



2 



In UCu3.5Pdi.5 7 from muon relaxation exhibits a temperature dependence, 
becoming larger at low temperatures: 7(0.5 K) = 0.5 ±0.1; 7(0.05 K) = 
0.7±0.1. This is reminiscent of the behavior of spin-glass AgMn above the spin- 
freezing "glass" temperature T g , where 7 increases as T — > T g [6]. It suggests 
a continuous temperature dependence of 7 in UCu3.sPdi.5 between the low- 
temperature muon relaxation results and the higher-temperature (> 10 K) 
inelastic neutron scattering (INS) value 7 = 0.33 [5]. 

In UCu 4 Pd, on the other hand, 7 = 0.35 ± 0.10 from muon relaxation at both 
0.05 K and 0.5 K (Fig. 2). This value is smaller than in UCu 35 Pdi.5, and 
in agreement with INS experiments above 10 K [5] which give 7 = 0.33 as 
in UCu3.5Pd1.5- This temperature independence suggests that in UCu 4 Pd the 
slow fluctuations are quantum rather than thermal in origin. In UCu 3 .5Pdi. 5 
the Pd concentration x is closer to the value x xs 2 for which a spin-glass 
phase occurs [8], and the proximity of this phase may be reflected in the 
low-temperature increase of 7. 

Time-field scaling and other aspects of these experiments are discussed in 
detail elsewhere [4] . 
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Fig. 1. Dependence of sample-average muon asymmetry relaxation function G(t) on 
scaling variable t/fH in UCu 3 . 5 Pdi. 5 . (a) T = 0.05 K, 7 = 0.7 ±0.1. (b) T = 0.5 K, 
7 = 0.5 ±0.1. 
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Fig. 2. Dependence of G(t) on t/H~< in UCu 4 Pd. (a) T = 0.05 K. (b) T = 0.5 K. At 
both temperatures 7 = 0.35 ± 0.10. 
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